Vegetable Entrees in Nitrogen Balance and Obesity Studies by Tyndall, Gloria
Loma Linda University 
TheScholarsRepository@LLU: Digital Archive of Research, 
Scholarship & Creative Works 
Loma Linda University Electronic Theses, Dissertations & Projects 
6-1967 
Vegetable Entrees in Nitrogen Balance and Obesity Studies 
Gloria Tyndall 
Follow this and additional works at: https://scholarsrepository.llu.edu/etd 
 Part of the Dietetics and Clinical Nutrition Commons, and the Molecular, Genetic, and Biochemical 
Nutrition Commons 
Recommended Citation 
Tyndall, Gloria, "Vegetable Entrees in Nitrogen Balance and Obesity Studies" (1967). Loma Linda 
University Electronic Theses, Dissertations & Projects. 853. 
https://scholarsrepository.llu.edu/etd/853 
This Thesis is brought to you for free and open access by TheScholarsRepository@LLU: Digital Archive of 
Research, Scholarship & Creative Works. It has been accepted for inclusion in Loma Linda University Electronic 
Theses, Dissertations & Projects by an authorized administrator of TheScholarsRepository@LLU: Digital Archive of 
Research, Scholarship & Creative Works. For more information, please contact scholarsrepository@llu.edu. 
Vernier radcliffe memorial library 




VEGETABLE ENTREES IN NITROGEN BALANCE AND OBESITY STUDIES
by
Gloria Tyndall
A Thesis in Partial Fulfillment
of the Requirements for the Degree
Master of Science in the Field of Nutrition
June 1967
132920
Each person whose signature appears below certifies that he has read 
this thesis and that in his opinion it is adequate, in scope and quality.
thesis for the degree of Master of Science.as a
, Chairman
U. D. Register, Ph.D., Associate Professor, Department of 
Biochemistry
Mervyn G. Hardinge, M.D., Ph.D., Dean of the School of 
Public Health
Claude E. Thurston, Ph.D., Research Associate, School of 
Public Health
tu.f5.








The author wishes to express her sincere appreciation:
To Dr. U. D. Register, chairman of her thesis advisory 
committee, for his guidance and untiring efforts to make 
this research possible.
To the members of her thesis committee. Dr. Mervyn Hardinge, 
Dr. Claude Thurston, Mrs. Irma Vyhmeister, and Mrs. Patricia 
Black for their kind and helpful suggestions.
To Dr. Lamont Murdock for special blood work and to Dr. Milton 
Crane for his assistance in conducting this research.
To Dr. Claude Thurston for the nitrogen determinations.
To Bonnie Emmerson, Sylvia Marsh and Harri Hohensee for their 
part in food preparation.
To Mr. Miodrag Radic for technical assistance.
To Lom.a Linda Food Company, Pacific Union Conference of 
Seventh-day Adventists, and Lassen Foundation for financing 
this research project.
To the research subjects for their willingness, loyalty and 




LIST OF TABLES v
LIST OF FIGURES vi
PART I. NITROGEN BALANCE STUDIES IN YOUNG MEN AND WOMEN ON A
PURE-VEGETARIAN DIET 1
Introduction 2
Materials and Methods 12
Results and Discussion 18
Summary and Conclusions 24
Bibliography 25
PART II. A LOW CARBOHYDRATE VEGETARIAN DIET FOR WEIGHT REDUCTION 31
Introduction 32
Materials and Methods 38
Results and Discussion 41






Menu and Protein Content of Foods 13I.
Approximate Amino Acid Composition of Diet 14II.
Age, Height, Weight and Caloric Intake of Subjects 19III.
Hemoglobin, Total Serum Proteins, and Serum CholesterolIV.
Values 21
Effect of Diet on Nitrogen Balance 22V.
Height, Initial Weight and Age of Subjects 39VI.
Weight Loss of Subjects on a Low Carbohydrate Diet 42VII.
45Effect of Test Diet on Serum Cholesterol LevelsVIII.
Fasting Glucose, Free Fatty Acids and Uric Acid LevelsIX.
49in the Blood




431. Graph of Weight Loss Subject BR
442. Graph of Weight Loss Subject BB
Changes in Serum Cholesterol on the Low Carbohydrate3.
46Diet




IN YOUNG MEN AND WOMEN ON A
PURE - VEGETARIAN DIET
INTRODUCTION
Food supply is clearly a problem of economists, nutritionists.
and medical personnel in the world today. There exist, at present.
The problemareas in which the food supply is grossly inadequate.
becomes even more grave when we consider the statistical prediction
that the world population will more than double in the short time from
Adding to this threatening outlook isthe year 1960 to the year 2000.
the fact that the greatest population increases will occur in regions
which are already suffering from an insufficiency of food (1).
This limited food supply, and thus protein supply, demands study
and experimentation to determine the most efficient use of the protein
It has been shown that less money and acreage arewhich is available.
required to produce a given amount of vegetable protein as compared to
This factor indicates that thethe same quantity of animal protein.
major source of protein in the years to come will, no doubt be of vege-
In the transition period, from animal to vegetable protein,table origin.
it seems feasible to use milk-like and meat-like products. The present
study was designed to include such products in the dietary.
Extensive research has been directed toward the problem of deter­
mining the minimum amount of protein that will maintain health, and
nitrogen balance, as well as finding the best combinations of inexpensive
and available proteins having a high nutritive value.
The purpose of this study was to determine if nitrogen balance
could be maintained, in healthy university students, on a pure vegetarian
2
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diet containing approximately thirty-six grams of protein per day. Those
foods were chosen which could conceivably be used in a normal human diet.
However, in order to provide enough calories and maintain this protein
level, several low-protein foods were used which were developed especially
for research purposes and would not be contained in a normal human diet.
One of the early methods for evaluating proteins was the nitrogen
balance technique. Such studies were first conducted on animals by
Boussingault (2). The amount of nitrogen ingested, and the amount
It can thus be determinedexcreted in the urine and feces is measured.
This method waswhether the subject is retaining or losing nitrogen.
An isolated proteinfound to work well in comparing different proteins.
of higher nutritional value will maintain nitrogen balance at a lower
This technique is stilllevel than will a protein of lesser quality.
widely used in determining protein quality.
When conducting nitrogen balance experiments, it is usually not
practical to determine the nitrogen losses from skin, hair, and nails
(13,15,26) since these are usually considered to be within the limits
In tropical regions or under con-of experimental variation (2,13,39).
ditions of high temperature and humidity, sweat losses may become a
Nitrogen outputs of 71 milligrams to 5.28 grams persignificant factor.
day have been recorded, depending upon temperature and muscular
Some have found up to 130 milligrams of nitrogen peractivity (15).
Consolazio recorded losses of 149 to100 milliliters of sweat (41).
241 milligrams of nitrogen per hour when subjects were exposed to temp-
He recommended a 13 toeratures between 70 and 100 degrees Fahrenheit.
14 per cent increase in the protein requirements to account for such
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losses, which may be of consequence to persons on a low protein intake.
He also mentioned that neither the Food and Agriculture Organization
Nutritional Studies (1957) nor the National Research Council (1958)
mentions the possibility of increased protein allowances under conditions
that produce profuse sweating (13).
Scrimshaw (55) made an allowance of 15 milligrams of nitrogen per
kilogram of body weight of subject for integumental and sweat loss when
calculating the minimum requirements for nitrogen.
It is known that intercurrent infections affect nitrogen balance (16).
Loss of urinary nitrogen is due partly to greater energy requirements im­
posed by higher body temperature, but mainly to the toxic destruction of
proteins (52). Failure to include this factor has caused irregularities
in data interpretation in the past (15).
The problems of stress and psychological disturbances, in the
form of sleep deprivation, reversal of diurnal activity, and tests or
exams, have also been found to affect nitrogen excretion (15,54,62).
The data suggest that "the after effects of lack of sleep or of reversal
of the sleep pattern may impose a small temporary increase in protein
requirement" (54). This increase would be significant only if the
person were on a marginal protein intake or if it were continued for
long periods, such as is required of astronauts and global air travelers.
Another of the many factors affecting nitrogen balance is the
previous nutritional state of the subject (3,18,58). "Less dietary
nitrogen is needed to maintain nitrogen equilibrium in a depleted than
in a normal animal" (3). The degree of depletion can be estimated by
the magnitude of positive nitrogen balance. Fisher, in studies with
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humans, found that "there was an inverse relationship between prior
protein nutriture and the subsequent utilization of the high nitrogen-
low tryptophan diet" (18). However, in a study of Indian women, it was
found that minimum requirements for the poor socio-economic group were
not materially different from those of well nourished Indian women (46).
When conducting nitrogen balance studies, it is necessary to
maintain the weight of the subjects by adjusting their caloric intake.
This intake has been reported to range from 35 to 55 calories per kilo­
gram per day (10,31,34,48), depending on the diet and on individual
Reducing the calories below the optimum increases thevariation.
quantity of dietary nitrogen needed for maintenance of equilibrium.
Kies, using isonitrogenous diets, studied the effect of varying
the levels of essential amino acids on nitrogen retention in men (31).
On a total intake of 5.8 grams nitrogen, when 5.36, 3.22, and 1.11 grams
of essential amino acids were given, 35, 45, and 55 calories per kilo­
gram of body weight, respectively, were required for nitrogen balance.
"The fact that the amount of essential amino acids ingested affects so
markedly the calorie intake required to bring about a state of positive
nitrogen balance suggests that a critical appraisal be made of the
criteria used in assessing amino acid requirements" (31). Swendseid
states that there is "no correlation between body weight and essential
nitrogen requirements" (59).
When considering calories, one should also note that a subject
requires more calories per kilogram of body weight when consuming amino
acids than when ingesting intact proteins (48). The latter has been
found to enhance nitrogen balance more than the purified amino
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acids (32,44,59). Oldham found in a study of young women, that "in all
but one case, mean nitrogen balances were higher when amino acids were
supplied entirely or in part by a food than by purified amino acids" (44).
Proteins are known to form complexes with many substances, in-
Since many new food products are being produced witheluding lipids.
large quantities of polyunsaturated fats and protein, there is concern
that the quality of the protein may be adversely affected. The amount
of complex formed has been shown to be appreciable under certain con­
ditions and "whether protein complexes could be a factor in the problems
of decreased protein availability is a question not yet adequately
studied" (23). Allison has found that retention of nitrogen in the rat
was improved on a restricted diet if the fat content was high (3). Rose
arbitrarily maintained the carbohydrate to fat ratio at 2.6 in his
studies of amino acid requirements (49). Other investigators have had
varying results as to the effect of fat on nitrogen balance (11,17,21,
22,24,50).
Availability and digestibility are important factors to be con­
sidered when determining the nutritive value of a protein (2,47,49).
D = A / I.Digestibility may be calculated from the following equation:
Where D is digestibility, A, the absorbed nitrogen, and I, the dietary
Hegsted, .et a.1 • , pointed out that digestibility and 
biological value were equally important in evaluating the nutritive
nitrogen intake.
In comparing nutritive values, proteins of similarvalue of a protein.
digestibilities should be used (26).
Scrimshaw, (53) questioned whether the consistency of the diet,
per se, had any influence on the- dietary nitrogen utilization. He
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There did notcompared a diet in liquidized form with its natural form.
Even psychologically the mixture was accept-seem to be any difference.
"The results support the use of liquid dietsable in the liquid form.
in nitrogen balance experiments in man" (53).
Allison, (2,3) has emphasized that nitrogen balance is the alge­
braic sum of gains and losses of nitrogen in all the metabolic centers
It is possible for the body as a whole to be inthroughout the body.
positive balance while some tissues lose nitrogen and others gain it.
Such anA dramatic illustration of this would be an animal with cancer.
animal could be in positive nitrogen balance with the cancer gaining
rapidly while other tissues would be losing nitrogen (1).
Nitrogen balance studies are expensive and time consuming and
therefore the number of subjects is usually limited (63). It is, however,
rapid method than determining nutritive value by growth studies (15).a more
One of the problems of the nitrogen balance method is that the
subject tends to establish equilibrium on whatever level he is placed.
"The possibility of adaptive changes taking place during experiments
involving nitrogen balance must always be considered in the interpretation
Murlin, e_t _al. , (43) and Allison (2) found evidence 
that subjects acquire a resistance to the depleting effect of a non-
of the results" (1).
protein diet after several months on low-protein diets, including some
non-protein periods.
An inherent limitation in nitrogen balance studies is that there
is fluctuation in the daily output of nitrogen, even under careful
It is suggested that this may be due to slight alterations incontrol.
the daily rate of metabolism, or of excretion or possibly in the degree
of muscle tone (48).
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The nitrogen balance method is still a widely used and generally
accepted procedure for determining protein value and for assessing
protein and amino acid requirements (8,29,30,34-38,48,58,61,65). This
is done by reducing the amount of protein, until the subject is in
definite negative nitrogen balance, and then raising the amount little
by little until the subject is just in balance. Nitrogen balance has
been defined many ways. Classically it is a condition in which the out-
Rose's standard of balance was "aput of nitrogen equals the intake.
distinctly positive balance, as measured by the average of a period of
several days" (49). Lever ton (49) considered balance as plus or minus
five per cent, of the intake. Rose, stated that "to lower the base line
of equilibrium from zero to a negative balance equivalent to five per
cent of the dietary nitrogen intake does not decrease the amplitude of
the fluctuations or facilitate the interpretation of the results" (49).
"The nitrogen requirement is more closelyIt has been found that:
related to surface area than to body weight" (26). Hegsted found the
minimum requirement for nitrogen on an all vegetable diet, where white
bread furnished fifty per cent of the protein, to be 2.9 grams per square
meter of body surface per day. When one third of the protein was re­
placed by meat, the requirement decreased to 2.4 grams. When the diet was
supplemented with meat or wheat germ, the biological value increased from
73 to 80 and 89 respectively. Hegsted felt that the National Research
Council's requirement of 70 grams of protein was "most generous".
and that it could, if necessary, be reduced to 51 grams and still
provide a 30 per cent margin above the requirement (26). Sherman,
had a similar idea. "A standard allowance of one gram of protein per
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kilogram of body weight per day appears, ... to provide a margin of
safety of 50 to 100 per cent as far as the requirements of adult main­
tenance are concerned" (56).
Bricker reported that the average requirement for protein among
nine college women was 3.1 grams of nitrogen per square meter of body
Protein from cereal sourcessurface, or 31.7 grams of protein per day.
supplied 70 per cent of the protein in this diet and fat supplied one
third of the calories (10).
Nitrogen balance studies among Indian women, on a diet containing
80 per cent of protein from vegetable sources and 20 per cent from milk.
showed the minimum requirement to be 2.71 grams of nitrogen per square
meter of body surface (46).
Sherman (56) conducted an experiment in which essentially all of
the protein came from bread, and the calories were supplied only by
A requirement of 33 grams of protein per day wasbutter and apple.
found to be adequate for a 70 kilogram subject.
Several persons have investigated supplementing vegetable proteins
"In many parts of the world dietary protein must be obtained(25,27,51).
largely from vegetable sources" (14). "Supplementation of vegetable
protein diets with small amounts of high quality protein would seem to 
offer practical possibilities for extending protein supplies by in­
creasing the. efficiency of the diet" (14). Many people choose to be
vegetarians, believing that this type of diet will improve physical well
Several studies have been conducted on such persons (6,20,33,66).being.
Proteins are often evaluated in terms of their "Biological Value".
Under prescribed experimental conditions, biological value is defined
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as the ratio of the retained nitrogen to the absorbed nitrogen multi­
plied by one hundred. A biological value of 100, therefore, would indi­
cate a "perfect" protein. The original method of determining biological
value involved correcting fecal and urinary nitrogen for endogenous
losses measured during a balance period on a non-nitrogen diet. It
has since been shown that it is not necessary to eliminate all nitrogen
from the diet to measure endogenous nitrogen, but only to reduce it to
sub-optimal levels (9).
Folin was among the first to observe that the creatinine excretion
in the urine of normal individuals remains relatively constant and
independent of the diet. He called this "endogenous protein metabolism'
(67).
Fisher, ^al., (18) observed that the creatinine excretion could
vary significantly with dietary manipulation. The observed increased
excretions corresponded with a change from a balanced to an imbalanced
diet. He offered this caution: "these results support conclusions ...
to the effect that considerable caution must be exercised in using
creatinine excretion results as constants for the calculation of other
biological values" (18). Scrimshaw, e_t al. , (54) also noticed that 
there was increased variability in both urinary nitrogen and creatinine
excretion under certain situations of stress.
Bricker and Smith (9) have developed a method of calculating
biological value by using creatinine nitrogen times the factor 3.984 in
place of determining endogenous nitrogen value. A comparison between
their derived and determined biological values shows no statistical
difference.
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A method has been developed in which it is possible to predict
the approximate biological value of a protein from the creatinine
nitrogen excretion expressed as a percentage of the total nitrogen
This has been found to be quite useful in approximatingexcretion.
biological values (42).
After reviewing the literature and considering the limitations
of the nitrogen balance technique, the present study was carefully
planned with these problems in view.
MATERIALS AND METHODS
Subjects. Six healthy students from Loma Linda University were
selected for this study (3 men and 3 women). Each subject was given a
physical examination before starting the test. Blood samples were
drawn at the beginning and end of the study. They were analyzed for
hemoglobin, total serum proteins, and serum cholesterol. A diet history
was taken on each subject to determine previous diet patterns.
The subjects assumed their normal activities, and lived in their
usual quarters. Three meals a day for a 17 day period were eaten at
the test kitchen, except on weekends, when a sack lunch was provided
for the evening meal.
One subject dropped from the study after the second day because
of illness. The experimenter, who had been eating the same test diet.
became the sixth subject for the remainder of the test.
Diet and Food Preparation. The pure vegetarian test diet, shown
in Table I, was calculated to contain about 6 grams of nitrogen (36 grams
of protein). The foods were selected to provide protein sources which
would supplement each other. The amino acid composition of the diet,
as seen in Table II, was calculated from tables by Orr and Watt (45).
The diet was designed much like that of Inano (28), but reducing the
main sources of protein in her diet by about one half. Nutritive con­
tents were calculated according to the Agriculture Handbook No. _8 (64)
Food Values of Portions Commonly Used (12).and Bowes and Church:




MENU AND PROTEIN CONTENT OF FOODS
Food ProteinFood Protein AmountAmount
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Total Protein for the Day 
Calculated grams N/day 
Analyzed grams N/day
%c orange juice, ^c Tang 
5 gm. peanut butter, 5 gm. margarine 
%c soymilk (Soyagen), %c Mocha Mix 
no milk







APPROXIMATE AMINO ACID COMPOSITION OF DIET
Thr lieu Lys Meth 
mg ' mg
Phe ValTryp Leu Cy-S-S-Cy Tyr
mg mgmg mg mg mg mg
430 1250 1560 2380 1690 510 580 1650 1220Test Diet 1660
Miniipum Requirements: 





Women (65) 160 305 450 620 500 350 (with 200 mg.
Cy-S-S-Cy present)
220 (with 
900 mg. Tyr 
present)
650
500 1000 1400 2200 1600 2200Recommended Daily
Intakes^ (48)
2200 1600
1. The requirement for Meth is 200 mg. with 810 mg. Cy-S-S-Cy present.
The requirement for Phe is 300 mg. with 1100 mg. Tyr present.





provided for them. The caloric intake was adjusted for each person
individually. Protein-free cookies, jello substitute, soft drinks.
Mocha Mix, jelly, margarine, and whipped topping were added or deleted
from the diet as needed to maintain weight. A special low protein (L.P.)
bread, which has been developed especially for research purposes (57)
was used to boost the calories whi1e keeping the protein intake very-
low. This bread was prepared under the direction of the investigator
in a nearby cafeteria bakery. Each subject was provided with his own
sugar, jelly and seasoned salt containers, which were weighed at intervals
throughout the test period.
Special cherry tarts were developed using wheat starch as the
basis for the crust. One tart was calculated to provide 376 calories
and only 0.82 grams of protein. All tarts were prepared in one batch
and frozen until used. The milk drink consisted of one half cup carob
flavored soy milk and one fourth cup Mocha Mix. This was served either
hot or cold as desired. Equal portions of peanut butter and margarine
were mixed and used as a spread for breakfast. Mixing the two, made the
portion of peanut butter appear larger and cut down on the amount of
protein which could be lost by the amount left in the container. The
oatmeal was prepared by weighing dry oatmeal into custard cups, adding
hot water to each, covering with foil and placing in the oven. This
gave a flaky and chewy product.
The L.P. bread, peanut butter mix, and raisins were weighed out
in individual portions for the entire test period. Orange drink, fruit,
olives, potato chips, carrot sticks, and jello substitute were usually
weighed a day ahead of time. The salads were prepared and weighed out
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just before meal time. The potatoes were weighed before baking and the
frozen peas were weighed after they were cooked and drained. Soy mayon­
naise (28) and protein-free cookies (28) were made in the test kitchen
as needed throughout the study.
Since the same foods were used each day, different techniques
were employed to provide variety. The supper salad of tomatoes and
lettuce was prepared as tossed salad, tomato slices on lettuce, tomato
flower on lettuce cup, or tomato wedges and lettuce. The jello was
varied by using different colors and serving it cubed, layered or plain.
A choice of barbecued, onion flavored, krinkle cut, or plain potato
chips was allowed. The applesauce was occasionally tinted pink, with
cinnamon sprinkled on top. The protein-free cookies were tinted and
flavored two different ways to add variety.
A Mettler analytical balance was used for weighing all foods.
Each day an extra portion of each food was prepared and kept frozen for
later nitrogen determination.
Daily R.outine. The subjects reported to the test kitchen at
7:30 each morning bringing their urine and fecal samples from the pre­
vious 24 hour period. While taking their temperature the subjects
weighed themselves, recorded hours of sleep and activity, and checked
off their foods for breakfast on the check sheet provided. Clean and
empty containers for urine and fecal collection were picked up as the
students left after breakfast.
Lunch was served at 12:30 and supper at 5:30, again each subject
checked off his foods on the provided check list and recorded any protein-
free cookies and/or soft drinks which were taken home in the evening and
used as snacks.
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A wide mouth no-leak 2-liter bottle.Urine and Fecal Collections.
made of polyethylene, containing 2-5 milliliters toluene was given to
each subject for the complete 24 hour urine collection each day. A
polyethylene 4 inch funnel was attached to the bottles for the women.
These bottles fit neatly into a canvass shoe bag, which was used for
transportation. The subjects were encouraged to drink extra water so
the urine volume would be at least 1.5 liters per day.
Two camp stools (one for school and one for home) complete with
Each day a one-gallonplastic bags, were provided for each subject.
thermos with frozen camp ice (blue pillow ice) was provided for the
transportation and preservation of the fecal specimens.
A carmine dye marker was taken on the morning of the fifth, tenth,
The fecal samplesand seventeenth day to separate the different samples.
The next 5 and 7 day periods werefor the first 4 days were discarded.
collected, processed and analyzed separately.
Creatinine was determined on all urine samples. The test period
for the urine was the 10-16th day, the first 9 days being allowed for an
adjustment period.
Analytical Procedures. The urine was first measured for volume.
and then an aliquot of urine was frozen for later nitrogen and creatinine
determination. Fecal samples were weighed and frozen. Later an equal
weight of 33 percent alcohol solution was added to the fecal sample.
The macro-Kjeldahl method was used for thewhich was then homogenized.
Creatinine valuesdetermination of nitrogen in urine, feces and food.
determined by the Folin and Wu method (19).were
RESULTS AND DISCUSSION
Studies have been reported, which were designed to evaluate the
Inano (28) foundprotein quality of an all-vegetable diet (8,26,28,56).
that when such a diet was fed at the 10 gram nitrogen level, it was
adequate to maintain nitrogen balance in all of the subjects tested, 
the present study the nitrogen intake was lowered to 6 grams nitrogen
In
per day to give a more critical evaluation of the quality of protein in
the diet.
Table III shows the age, height, weight, and caloric intake of
As may be seen the overall weights of the individualsthe subjects.
This is an important factor inwere maintained throughout the study.
conducting nitrogen balance studies, for if true weight loss occurred,
The caloric intakesa negative nitrogen balance would have ensued.
The calories were adjusted forranged from 2100 to 2900 calories.
The caloric intake to maintainindividuals by using low protein foods.
weight ranged between 37.0 and 45.7 calories per kilogram of body weight
Values of 35 to 55 calories per kilogram per day have beenper day.
reported (10,31,34,48). "The caloric intake required to maintain nitro­
gen balance ... appears to be affected by the amount of essential amino
Within limits the greater the proportion of essentialacids fed" (31).
amino acids the fewer calories required to maintain weight.
Hemoglobin, total serum proteins, and serum cholesterol were
The results aredetermined at the beginning and end of the study.
The initialThere was no change in these parameters.shown in Table IV.
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levels of cholesterol were so low that they would not be expected to
This type of diet, however, would tend to be cholesterolchange.
lowering since the fats are of vegetable origin and primarily unsaturated.
Metabolic fecal nitrogen was calculated as the total solids in
The values ranged from 0.36 tothe diet multiplied by 0.88 milligrams.
0.52 with an average of 0.43 grams. This is similar to the values re­
ported by Bricker, €rt aJL. (8) and Hegsted, e_t aJL. (26) their averages
being 0.41 and 0.40 grams respectively. The values for the women were
consistently less than for the men, as would be expected.
Creatinine excretion, as shown in Table V, ranged from 0.94 to
1.81 grams per day with an average of 1.27 grams per day. This is
similar to the average value obtained by Inano (28) of 1.32 grams per
day when subjects were fed a pure-vegetarian diet at a higher protein
The creatinine excretion varied considerably between individuals,level.
as would be expected because of difference in body size, but remained
essentially constant for any one person.
A subject was considered to be in nitrogen balance, if the nitro­
gen excretion equaled plus or minus 5 per cent of the intake. As seen
in Table V, the group as a whole maintained nitrogen balance.
Although the group was in nitrogen balance, there were two sub­
jects which could be considered to be in negative nitrogen balance. DWW
was in definite negative balance and WET was just on the border line of
negative balance.
One evening DWW took about three hours of stenuous exercise with-
As a result he lost nearly 2 pounds andout allowing extra calories.
excreted larger quantities of nitrogen in the urine for three days.
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levels of cholesterol were so low that they would not be expected to
This type of diet, however, would tend to be cholesterolchange.
lowering since the fats are of vegetable origin and primarily unsaturated.
Metabolic fecal nitrogen was calculated as the total solids in
The values ranged from 0.36 tothe diet multiplied by 0.88 milligrams.
This is similar to the values re-0.52 with an average of 0.43 grams.
ported by Bricker, e_t al_. (8) and Kegs ted, ejt al. (26) their averages
The values for the women werebeing 0.41 and 0.40 grams respectively.
consistently less than for the men, as would be expected.
Creatinine excretion, as shown in Table V, ranged from 0.94 to
1.81 grams per day with an average of 1.27 grams per day. ITiis is
similar to the average value obtained by Inano (28) of 1.32 grams per
day when subjects were fed a pure-vegetarian diet at a higher protein
The creatinine excretion varied considerably between individuals,level.
as would be expected because of difference in body size, but remained
essentially constant for any one person.
A subject was considered to be in nitrogen balance, if the nitro­
gen excretion equaled plus or minus 5 per cent of the intake. As seen
in Table V, the group as a whole maintained nitrogen balance.
Although the group was in nitrogen balance, there were two sub­
jects which could be considered to be in negative nitrogen balance. DWW
in definite negative balance and WET was just on the border line ofwas
negative balance.
One evening DWW took about three hours of strenuous exercise with-
As a result he lost nearly 2 pounds andout allowing extra calories.
excreted larger quantities of nitrogen in the urine for three days.
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84.7 (5) 1.276.13 -0.111.414.716.02Average
1 Average values for days 10-16.
2 Average values for days 5-16.
N>ro
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Since he was the largest subject his protein requirement would also be
When comparing his negative balance with his intake itthe highest.
seems that his apparent nitrogen requirement would be close to 6.8 grams
of nitrogen per day or about 42.5 grams of protein on this diet.
Subject, WET, who was in slight negative balance, excreted signi­
ficantly greater amounts of nitrogen in the feces. His fecal weight was
about twice that of any other subject, and there were food particles in
The true digesti-his fecal samples, thus indicating poor mastication.
If WET had had digestibilitybility was lowered as a result of this.
equal to the other subjects, about 85 per cent, he would have absorbed
approximately 0.40 grams more nitrogen which would have placed him in
positive balance.
True digestibility for the other 5 subjects is recorded in Table V.
They range from 82.2 to 86.7 per cent with an average digestibility of 84.7
Inano (28) observed values of 87.3 and 86.3 per cent with twoper cent.
Diets containing milk and meatgroups consuming a pure-vegetarian diet.
The true digestibility of anwere somewhat higher, 88.0 and 89.1 per cent.
all-vegetable diet was reported by Hegsted, e_t jal. (26) to be 87.5 per cent. 
While most subjects maintained nitrogen balance on 6 grams of
nitrogen per day, an amount recommended for critical evaluation of
protein, it is not a practical level to obtain from a variety of foods.
In fact, Inano (28) found it necessary to add a considerable amount of
refined foods even at the 10 gram nitrogen level, in order to provide
The results of the present study and that of Inanosufficient calories.
"It is most unlikely that proteinfortify the statement of Hegsted:
deficiency will develop in apparently healthy adults on a diet in which
cereals and vegetables supply adequate calories" (26).
SUMMARY AND CONCLUSIONS
Nitrogen balance studies were conducted on 6 healthy university
students, (3 men and 3 women), for 17 consecutive days. They were fed
a pure-vegetarian diet containing 6 grams of nitrogen per day.
Twenty-four hour daily urine and fecal collections were made.
Aliquots of urine were analyzed for nitrogen and creatinine during the
last 7 days, and fecal samples during the last 12 days of the study.
All subjects except two maintained nitrogen balance during the
The group as a whole, however, maintained nitrogen balance;last 7 days.
Hemoglobin, serumthe average being -0.11 grams of nitrogen per day.
cholesterol and total serum proteins did not change significantly during
The average true digestibility of 5 of the subjects was 85the study.
per cent.
It may be concluded that this pure-vegetarian diet containing
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PART II
A LOW CARBOHYDRATE VEGETARIAN DIET FOR
WEIGHT REDUCTION
INTRODUCTION
The opinion is growing that in prosperous areas like the United
States3 the greatest nutritional fault may be that of overeating with a
This problem has beenresulting increase in the incidence of obesity.
the subject of much recent research; the goal being to find the best
method to take off weight and keep it off.
The conventional low-calorie diets, while excellent in theory.
often are not well accepted clinically because of a marked degree of
An ideal weight-reduction programhunger associated with their use.
would be one in which the subject does not experience great hunger and
in which he remains reasonably satisfied. Weight reduction should be
rapid enough that the person does not become discouraged and give up the
The diet should produce significant weight loss without cata-program.
holism of lean tissue or production of other abnormal metabolic patterns
(4,6).
It has been reported that a ketogenic diet, which is usually high
in meat and saturated fat, has greater satiety value and produces a faster
The principle of thisrate of weight loss than other equicaloric diets.
diet is not new, it was mentioned in 1932 by Lyon and Dunlop (20). Banting
(1864), observed on himself that weight loss was most rapid on a low-
carbohydrate diet (21).
Kekwick and Pawan reported that "the composition of the diet can
alter the expenditure of calories in obese persons, increasing it when
fat and protein are given, and decreasing it when carbohydrate is given" (12).
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They placed patients on 7-9 day test periods in which 1000 calorie diets
were eaten which contained 90 percent of the calories as fat, protein,
or carbohydrate or a 1000 calorie diet of mixed composition. Rapid
weight loss occurred on the high protein or high fat diets, but body
weight was maintained when the mixed composition or high carbohydrate
diet was given (15).
In another of their studies 5 patients were given a 2600 calorie
Four of the samehigh-fat diet, on which, all lost significant weight.
patients, when given a 2000 calorie mixed diet, maintained or increased
their weight (15).
Gordon (10), used a diet in which 1300 calories were furnished by
After 50-100100 grams protein, 80 grams fat and 50 grams carbohydrate.
pound losses several of his patients maintained the desired weight level.
None complained of hunger at any time.
Benoit compared the effects of a ketogenic diet with fasting.
"The data show that the weight loss while fasting was 64.6 percent due
to lean body tissue and only 35.4 percent due to loss of adipose tissue.
In contrast, the weight change while on the high fat diet was only
3 percent due to lean tissue loss and the mean total amount of body
fat lost exceeded that of fasting (4)". A ten day period on the keto-
The weightgenic diet produced a weight loss of 0.7 kilograms per day.
loss on a mixed diet was only 46 percent of that on the ketogenic diet.
With a diet high in fat, such as the ketogenic diet, one should
This point deserves study in view.consider the type of fat to be used.
that the serumof the recommendations of several research groups:
cholesterol elevation from a high caloric intake of animal fat is to be
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avoided (25). A diet high in Crisco has been used to produce obesity
Barboriak (2) found that with respect to obesity-producingin rats (19).
properties, lard and Crisco were more effective, then butter and mar-
Corn oil hasgarine, with corn and coconut oil showing a lesser effect.
been found to produce less ketosis than other fats (5).
Why does a person lose weight faster on a high fat diet than on
Are not alla high carbohydrate diet with the same number of calories?
food calories equal? It has been suggested that altering the composition
of the diet may affect energy output (15). It has also been thought
that different foodstuffs may be metabolized to different degrees of
completeness so that unequal proportions of their total potential
energies are available to the organism (1). Recent animal studies
In evaluating thepartially explain the effect of a ketogenic diet.
carbon balance of mice on various nutritional regimens, it was demon­
strated that with a low calorie, high carbohydrate intake, dietary
energy utilization was at a maximum, with fairly complete conversion of
In contrast, with the low calorie.the foodstuff to carbon dioxide.
high fat diet, the food was incompletely metabolized to carbon dioxide.
suggesting that a large proportion of its nutritional energy was lost
Such studies can offer insightto the body in urine as ketone bodies.
into the reason for greater weight loss on the ketogenic diet (4).
Swift (23) studied the 24 hour metabolism of two pairs of male
subjects using the respiration calorimeter. They were given low fat
and high fat diets with the proportion of protein remaining constant.
It was found that the difference in total daily energy expenditure
between the two diets was insignificant.
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Various aspects of the metabolism in obesity have been studied
extensively. Newburger (1950) believed that the metabolism of the obese
Since then, Mayer (1957) hasdid not differ from the non-obese (21).
shown the definite existence of metabolic abnormalities in the obese (21).
Kekwick also agrees that there are certain alterations in the metabolism
of the obese as compared to the non-obese, but whether they represent an
inborn metabolic abnormality and are the cause or the result of the obese
state is not yet clear (15). Some of the abnormalities are: a resistance
to the development of ketosis, increased glucose tolerance, failure of
glucose oxidation to rise following insulin injection, presence of a
latent "diabetic state," high blood insulin concentrations, less response
to fasting with a rise in serum nonesterified fatty acids, and slower
rate of removal of chylomicrons and total lipids following a fat feeding
Certain alterations in glucose metabolism tend to increase(3,10,11,16).
A high carbohydrate diet stimulatesthe conversion of glucose to fat.
insulin secretion which further increases fat synthesis.
It appears that obese children are not resistant to the ketosis
of fasting and ketogenic diets, and differ in this respect from adults
Hawthorne (11) found a highly significant relationship between(9).
glucose concentrations in capillary blood during fasting and the percent
deviation from the desirable weight.
Cederquist (6) observed that 13 out of 17 subjects on a low
calorie regime showed a decrease in basal energy expenditure ranging
This indicates that the body is capablefrom 145-500 calories per day.
of adjusting at least in part to its nutritional environment.
When 1000 calorie diets were ingested containing 90 percent of
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calories in the form of fat or protein; subjects produced a substance in
the urine which enhanced the mobilization of fatty acids from adipose
tissue in vitro and caused loss of carcass fat when injected into mice.
The same subjects on a 1000 calorie diet in which 90 percent of calories
were supplied as carbohydrate did not produce detectable amounts of this
substance (7).
Pelkington, _et a_l. and Kinsell, .et £l. did not believe that the 
proportion of the carbohydrate, protein and fat had any special effect
on weight loss. Pelkington stated that: "it may be concluded that, over
the periods studied, isocaloric sub-maintenance diets are equally effective
in weight reduction whatever their composition" (22). Kinsell found
"In any given subject, the rate of weight loss was essentiallythat:
It is therefore obvious that theconstant throughout the entire study.
significant factor responsible for weight loss is reduction of calories.
irrespective of the composition of the diet" (19). It has been pointed
out, however, that only one patient of Kinsell’s had dietary fat levels 
as high as those used by Kekwick and Pawan (15) and that Kinsell's
patients had other endocrine disorders, besides obesity, making it diffi­
cult to draw comparative conclusions.
Pelkington observed in his subjects an initial rapid loss of
weight on the high fat diet, but comparison of the weight curves were
the same no matter what the proportion of fat in the diet after the
This initial weight loss has been noted by others andtwelfth day.
attributed to water loss (18,20,22). Kekwick, however, disagreed with
this; he found that the difference in weight loss was due to fat loss
and not to changes in water retention (13,14).
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The diet in the present study was designed to be high in fat and
protein in an effort to give high satiety value and to suppress insulin
secretion and fat synthesis in adipose tissue. It was to be continued
long enough to determine if the rapid weight loss attributed to the low-
carbohydrate, high-fat diet was just an initial response or whether it
would persist. It was the purpose of this study to find a diet which
would be acceptable over long periods of time. A lacto-ovo-vegetarian
diet high in unsaturated fat was used to prevent a rise in serum cho­
lesterol and to produce less ketosis than observed on conventional
ketogenic diets.
MATERIALS AND METHODS
Eleven female subjects were selected with ages ranging from 18 to
All were obviously over-weight and were calculated to be 30 percent53.
Eachabove their desirable weight according to height-weight tables.
subject had tried various reducing regimes without notable success.
Height,There seemed to be a high degree of motivation among the group.
initial weight, desirable weight range, and age of subjects are given in
Table VI.
All meals wereThe test period consisted of 28 consecutive days.
On occasions when it was im-prepared and served in the test kitchen.
possible for a subject to be present, a sack meal was provided.
Subjects were allowed to weigh every morning or if they pre-
A record sheet was provided for anyferred, just once or twice a week.
comments they wished to make as to the satiety of the meals, their food
preferences and how they felt physically.
Initially a 4 day cycle menu (Appendix I) was planned and cal­
culated according to food composition tables (8,24). The diet was
designed to provide between 1200 and 1300 calories with approximately
After74 grams of carbohydrate, 76 grams of fat, and 85 grams of protein.
approximately two ■weeks on the cycle menu, some items were varied and a
few foods were replaced to increase the palatability and acceptibility
Variations were used in the preparation of entrees.of the diet.
vegetables and salads in an attempt to boost the morale of the subjects.
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entrees which were composed of wheat gluten, nuts and soybean mixtures.
Milk and cottage cheese also furnished appreciable amounts of protein.
Each day's menu included 1 serving of fruit, 1 egg, \ slice of
bread, 2 salads, 2 cooked vegetables, and \\ cups of milk. Every meal
contained a meat-like entree; medium sized portions were given at. break-
Cashews,fast with the egg, and large servings at the other two meals.
All foods werealmonds and olives were frequently included in the diet.
carefully weighed or measured except the low-carbohydrate vegetables,
Ail starchy vegetables werewhich were allowed in generous portions.
Hot Postum with sugar substitute w7as servedeliminated from the diet.
Occasionally low-with the meals which did not contain milk to drink.
calorie dressings and jello were served.
To insure an adequate intake of nutrients, vitamin and mineral
Each tablet supplied:supplements were given with breakfast each day.
40 mg, iron, 250 mg. calcium, 100 mg. ascorbic acid, 6000 U.S.P, units
vitamin A, 400 U.S.P. units vitamin D, 1.5 mg. thiamine, 2.5 mg. ribo­
flavin, 15 mg. niacinamide, 3 mg. pyridoxine, 5 mg. calcium pantothenate,
and 2 meg. cyanocobalamin.
Glucose tolerance tests w7ere administered on the first and last
Other blood samples were drawn at. approximatelydays of the experiment.
weekly intervals. Urine samples were obtained at selected times and
tested for ketone bodies, protein, sugar, and pH.
Renin-Aldosterone studies were conducted in connection with this
experiment, in an attempt, to explain the large fluctuations in weight
Results of these studies w7ill bewhich occurred in some subjects.
reported elsewhere.
RESULTS AND DISCUSSION
Weight loss, the item of primary interest, occurred in all sub-
The average weight loss for eachjects and is recorded in Table VII.
subject ranged from 1.9 to 3.5 pounds per week, the mean value for the
group being 2.6 pounds. Weekly average group values show rapid weight
losses in week one and decreasing weight loss rates for the following
This may be partly explained by the fact that basal energyweeks.
expenditure tends to decrease on low calorie regimes, as shown in
Increased fluid losses during the first weekstudies by Cederquist (6).
may also account for the initial rapid weight loss.
Two graphs (Figures 1 and 2) of actual weight loss are included
Upward weight fluctuations of 2 pounds per dayas typical of the group.
Such weight gains were a source of much dismayare noted in subject BB.
to some of the subjects; consequently some preferred to weigh only once
These cyclic weight gains were attributed to fluidor twice a week.
retention, since the use of diuretics produced rapid weight loss.
Serum cholesterol values fell significantly during the 28 days
Table VIII shows the initial and final valueswith t=2.219 and^=.05.
for serum cholesterol. Figure 3 shows the serum cholesterol values
measured at the beginning, middle and termination of the study. It may
be observed that the magnitude of change is greater for the first 14
The validity of the first value for subject GT is questionable.days.
The fact that the diet was high in unsaturated fat plus the caloric
restriction helped to lower the serum cholesterol.
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TABLE VII
WEIGHT LOSS OF SUBJECTS ON A LOW CARBOHYDRATE, LACTO-OVO-VEGETARIAN DIET
TotalAverage loss 
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FIGURE 3
CHANGES IN SERUM CHOLESTEROL
ON THE LOW CARBOHYDRATE DIET
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Table IX shows fasting glucose, free fatty acid and uric acid
Free fatty acid levels in seven of the subjectslevels in the blood.
above the normal range of 0.45 to 0.90 mEq/liter on the 14th day.were
This would indicate an increased mobilization of free fatty acids from
The values tended to decrease from the 14th tothe adipose tissues.
the 28th day.
Uric acid levels have been observed to rise in patients on a
fasting regime (4). Elevated levels were found in a few of our subjects.
consequently DR and GD were placed on Benemid to reduce the high levels.
The results of the glucose tolerance tests given before and after
the test diet are shown in Table X. The changes were as expected except
A graph of the two tests for GD are shown in Figure 4.for subject GD.
The initial test shows a typical diabetic curve, which after 28 days
Subject FP showed a flat curve indicating anreturned to normal.
No spiking of the blood glucose wasincreased tolerance to glucose.
observed one or two hours after the meals; thus indicating that there
was not excessive stimulation of insulin secretion.
Urine samples when tested for ketones showed only mild ketosis.
Over half of the subjects did not excrete measureable amounts of ketones,
and those which did, lost less than 5 gm. per day.
In the first few days ofThe diet in general was well accepted.
adjustment to the diet, subjects experienced depression, dizziness,
During the whole test period, hov/ever, hungerhunger, and headache.
Most of the subjects were quite satisfiedwas not a major complaint.
All except two chose to remain on a similar test dietwith the diet.
for an additional two weeks and then continue the reducing program at home.
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A follow up is being conducted on these subjects to give addi­
tional dietary instruction and to ascertain further weight losses or
gains.
TABLE IX
FASTING GLUCOSE, FREE FATTY ACIDS AND URIC ACID LEVELS
IN THE BLOOD
Uric AcidFree Fatty Acids 
Day 1 Day 14 Day 28
Fasting Glucose 
Day 1 Day 28 Day 28Day 1Subject
mg/100 mlmEq/litermg/100 ml
5.41.059 .925 6.3.66069 72BB
6.7.864 .733 .744 8.07165GC
1.040.981 1.274 7.8 6.8*8484GD
5.4.962 5.0.865 .8727671DJ
.642 4.8 4.71.122.59558 52RK
.884 .802 3.6 6.5.5097172FP
4.5*4.91.219 .935.66064 69DR
6.8.730 7.5.821 .9596686BR
5.1 5.21.090 1.055 .93862 57GT
4.4 5.4.963.958.52371 72CW
5.61.014 .868 5.9.7576970Mean Values
Subject taking Benemid* VO
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TABLE X
EFFECT OF LOW-CARBOHYDRATE DIET 
ON GLUCOSE TOLERANCE TESTS
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Eleven obese females were placed on a low calorie lacto-ovo-
vegetarian diet for 28 days containing approximately 1250 calories with 
22 percent of the calories as carbohydrate, 52 percent as fat, and 26
BloodAll meals were prepared in the test kitchen.percent as protein.
samples were drawn and tested for cholesterol, glucose, free fatty acids
A glucose tolerance test was performed on days one andand uric acid.
Urine samples were tested frequently for ketones.28.
A satisfactory weight loss occurred in each subject, with an
The diet lowered serumaverage reduction of 2.6 pounds per week.
cholesterol levels, increased the mobilization of fat from adipose
In general, the diet wastissue, and did not produce marked ketosis.
well accepted and could be used for long periods.
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VEGETABLE ENTREES IN NITROGEN BALANCE AND OBESITY STUDIES
by
Gloria Tyndall
An Abstract of a Thesis
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June 1967
The first study was designed to evaluate by the nitrogen balance
method the protein quality of a pure-vegetarian diet containing about
The group as a whole maintained nitrogen6 grams of nitrogen per day.
equilibrium the average being -Odl grams of nitrogen per day. Two
subjects were not in nitrogen balance, however, factors other than diet
may have contributed to these results and are discussed in the thesis.
Hemoglobin, serum cholesterol and total serum proteins did not change
significantly during the study. The average true digestibility of 5
of the subjects was 85 percent. It was concluded that this pure-
vegetarian diet containing 6 grams of nitrogen was adequate to maintain
nitrogen balance in most of the subjects.
In the second study a low-carbohydrate lacto-ovo-vegetarian diet
high in unsaturated fat was fed to eleven obese women to determine the
effect of such a diet on weight loss, serum cholesterol levels and degree
of ketosis. A satisfactory rate of weight loss was attained in each
subject, with an average weight reduction of 2.6 pounds per week for
the group. Serum cholesterol levels were lowered significantly and
there was no marked ketosis in any subject. The diet in general was
well accepted, with an apparent minimum amount of hunger for this calorie
level.
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